In this report, we describe that a salt adaptation of plant cells induces glycoform changes in N-glycoproteins. Intracellular and cell-wall glycopeptides were prepared from glycoproteins expressed in wild-type BY2 cells and salt-adapted cells. N-Glycans were liberated from those glycopeptides by hydrazinolysis, and the released oligosaccharides were N-acetylated and pyridylaminated. The structures of pyridylaminated (PA-) N-glycans were analyzed by a combination of two-dimensional sugar-chain mapping, MS analysis, and exoglycosidase digestion. In both wild-type cells and salt-adapted cells, the plant complex type structure was predominant among N-glycans expressed on glycoproteins, but we found that the Man2Xyl1Fuc1GlcNAc2 structure was significantly expressed on intracellular and cell-wall glycoproteins of the salt-adapted cells. Furthermore, enhancement of the specific activities of -mannosidase and -N-acetylglucosaminidase was observed in the salt-adapted BY2 cells, suggesting that the glycoform changes are due to changes in glycosidase activities.
In this report, we describe that a salt adaptation of plant cells induces glycoform changes in N-glycoproteins. Intracellular and cell-wall glycopeptides were prepared from glycoproteins expressed in wild-type BY2 cells and salt-adapted cells. N-Glycans were liberated from those glycopeptides by hydrazinolysis, and the released oligosaccharides were N-acetylated and pyridylaminated. The structures of pyridylaminated (PA-) N-glycans were analyzed by a combination of two-dimensional sugar-chain mapping, MS analysis, and exoglycosidase digestion. In both wild-type cells and salt-adapted cells, the plant complex type structure was predominant among N-glycans expressed on glycoproteins, but we found that the Man2Xyl1Fuc1GlcNAc2 structure was significantly expressed on intracellular and cell-wall glycoproteins of the salt-adapted cells. Furthermore, enhancement of the specific activities of -mannosidase and -N-acetylglucosaminidase was observed in the salt-adapted BY2 cells, suggesting that the glycoform changes are due to changes in glycosidase activities.
Key words: salt-adaptation; plant glycoprotein; N-glycan; glycoform change; tobacco BY2 cells It is well known that the glycoform of glycoproteins expressed in mammalian cells is closely related to the stage of cellular differentiation or de-differentiation. [1] [2] [3] Especially, the structural changes in N-glycans of mammalian glycoproteins during cell tumorigenesis have therapeutical significance. These facts clearly indicate that the expression of glycosyltransferases and/or glycosidases in eucaryotic cells must be regulated at various cellular differentiation and de-differentiation stages. [1] [2] [3] However, concerning plant cells, few comparative glycoform analyses of plant glycoproteins expressed in different cellular conditions have been carried out to date. In our previous study, 4) using Ricinus communis seed as a model plant, we showed preliminarily that the relative amount of high-mannose type Nglycans linked to endospermic glycoproteins decreased as the plant cells de-differentiated due to 2,4-dichlorophenoxyacetic acid, while that of complex type Nglycans increased. Although it has not been found which glycoproteins were involved in such structural changes in N-glycan moieties, this observation suggests that enhancement of expression and/or activation of certain -mannosidases involved in the N-glycan processing or turnover must occur during plant cell de-differentiation or changes in cellular conditions. However, it is still unclear whether such phenomena, structural changes in plant N-glycosylation concomitant with a change in y To whom correspondence should be addressed. Fax: +81-86-251-8388; E-mail: yosh8mar@cc.okayama-u.ac.jp * Present address: Department of Hygiene, Kawasaki Medical School, 577 Matsushima, Kurashiki 701-0192, Japan Abbreviations: PA-, pyridylamino; RP-HPLC, reverse-phase HPLC; SF-HPLC, size-fractionation HPLC; ESI-MS, electrospray ionization mass spectrometry; MS/MS, tandem mass; Hex, hexose; Pen, pentose; deoxyHex, deoxy hexose; HexNAc, N-acetyl hexosamine; M3FX, Man1-6(Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; M2FX, Man1-6(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; GN1M3FX, GlcNAc1-2Man1-6(Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; GN2M3FX, GlcNAc1-2Man1-6(GlcNAc1-2Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; M6B, Man1-6(Man1-3)Man1-6(Man1-2Man1-3)Man1-4GlcNAc1-4GlcNAc-PA; pNP--Man, para-nitrophenyl -mannoside; pNP--Fuc, para-nitrophenyl -fucoside; pNP--Xyl, para-nitrophenyl -xyloside; pNP--GlcNAc, para-nitrophenyl -N-acetylglucosaminide cellular physiological conditions, are ubiquitous in plant cells.
In this study, to determine the correlation between structural changes in N-glycans and the environmental response of plant cells, we focused on glycoform analysis of cellular and cell-wall glycoproteins expressed in tobacco culture cells (BY2 strain) and saltadapted BY2 cells to determine the changes in Nglycosylation concomitant with the cellular physiological condition. We used tobacco BY2 cells as one model plant system for this purpose, since Fujiyama et al. 5, 6) have determined the structural features of N-glycans linked to soluble glycoproteins produced in tobacco BY2 cells. Structural analysis of N-glycans of total glycoproteins expressed in wild-type tobacco cells and salt-adapted cells revealed a truncated plant complex type structure (Man2Xyl1Fuc1GlcNAc2) prominently expressed in the salt-adapted cells. Furthermore, we surveyed changes in some glycosidases (-mannosidase, -fucosidase, -N-acetylhexosaminidase, -xylosidase, and endo--N-acetylglucosaminidase) involved in the metabolism of N-glycans to determine the correlation between structural changes in N-glycans and changes in exo-and endo-glycosidases activities.
Materials and Methods
Materials. An Asahipak NH2P-50 column (0:46 Â 25 cm) was purchased from Showa Denko (Tokyo, Japan), a Shiseido Capcell Pak C18 MG column (1:0 Â 25 cm) from Shiseido (Tokyo, Japan), and a Cosmosil 5C18-AR column (0:6 Â 25 cm) from Nacalai Tesque (Kyoto, Japan). pNP--Man, pNP--Fuc, pNP--Xyl, and pNP--GlcNAc were purchased from Sigma (St. Louis, MO, USA). Authentic PA-sugar chains were prepared as described in previous papers. [7] [8] [9] [10] Actinase E was purchased from Kaken Seiyaku (Tokyo, Japan).
-Mannosidase (jack bean) was purchased from Sigma (St. Louis, MO, USA). -N-acetylglucosaminidase (Diplococcus pneumonia) was from Boehringer (Mannheim, Germany). -1,2-Mannosidase (Aspergillus saitoi) was from Seikagaku (Tokyo, Japan). -Xylosidase and -fucosidase were purified from apple snail (Pomacea canaliculata).
11)
Cultivation of tobacco BY2 suspension-cultured cells. Cells of the tobacco BY2 cell line established from Nicotinia tabacum L. cv Bright Yellow 2 were subcultured weekly in modified Murashige and Skoog medium (4.6 g of Murashige and Skoog salt mixture, Wako Pure Chemicals, Osaka, Japan), 200 mg of KH 2 PO 4 , 2 ml of 2,4-dichlorophenoxy acetic acid (100 mg/ml), 100 mg of myo-inositol, 1 mg of thiamine-HCl, and 30 g of sucrose dissolved in 100 ml water, pH 5.8). The salt-adapted cells were induced in the same culture medium containing 200 mM NaCl. Two cell lines (normal BY2 and salt-adapted BY2) were maintained by regularly transferring 2 ml of culture into 30 ml of a fresh medium in a 100-ml Erlenmeyer flask, incubated in the dark at 26 C on a gyratory shaker at 120 rpm.
Preparation of glycoproteins from normal BY2 cells and salt-adapted BY2 cells. Seven-day-old cultures of normal and salt-adapted BY2 cells were harvested by centrifugation at 5,000 rpm for 10 min. The resulting cell pellets were stored at À80 C until use. Cells (136 g of wild-type BY2 cells and 124 g of salt-adapted BY2 cells) were disrupted with a Teflon homogenizer (60 rpm and 10 strokes) and centrifuged at 8,000 rpm for 30 min. The resulting supernatant was extensively dialyzed against water, and the pH of dialysate was adjusted to 8.5 with 200 mM Tris-HCl buffer, which was designated as the soluble fraction.
The precipitate obtained by centrifugation was washed twice with water and then centrifuged. The resulting precipitate was suspended in 200 mM Tris-HCl buffer, pH 8.5, and this was designated the cell-wall fraction.
Preparation of glycopeptides from soluble glycoproteins and cell-wall glycoproteins. The soluble fraction (protein, 1.3 g as determined by measuring the absorbance at 280 nm using bovine serum albumin, BSA, as a standard protein) and the cell-wall fraction (5.1 g wet weight) dissolved or suspended in 200 mM Tris-HCl buffer, pH 8.5, were treated with actinase E (60 mg for the soluble fraction and 200 mg for the cell-wall fraction) for 48 h at 37 C under a toluene atmosphere.
12)
After centrifugation, the resulting supernatant was concentrated in vacuo and then applied onto a Sephadex G-25 column (1:8 Â 45 cm) equilibrated with 0.1 N NH 4 OH. The glycopeptide fraction (elution volume, 60-100 ml) was pooled and concentrated to dryness.
Preparation of pyridylaminated N-glycans from glycoproteins from BY2 cells. N-Glycans were released by hydrazinolysis (100 C, 12 h, in 0.5 ml of anhydrous hydrazine) from lyophilized glycopeptides (about 10 mg from the soluble glycoproteins, 30 mg from the cell-wall glycoproteins). After N-acetylation of the hydrazinolysate with saturated ammonium bicarbonate (5 ml) and acetic anhydride (0.2 ml), the acetylated hydrazinolysate was desalted using Dowex 50 Â 2 resin. Pyridylamination of the sugar chains was done by the method of Kondo et al. 13) Separation of PA-sugar chains was done by HPLC on a Jasco 880-PU HPLC apparatus with a Jasco 821-FP Intelligent Spectrofluorometer, using the Asahipak NH2P-50 column (1:0 Â 25 cm) and the Shiseido Capcell Pak C18 MG column (1:0 Â 25 cm). On the Capcell Pak C18 MG column, the PA-sugar chains were eluted by increasing the acetonitrile concentration in 0.05% TFA linearly from 0 to 10% for 60 min at a flow rate 1.5 ml/min. In the case of sizefractionation HPLC using the Asahipak NH2P-50 column, PA-sugar chains were eluted by increasing the water content in the water-acetonitrile mixture from 36% to 62% linearly for 60 min at a flow rate of 1.5 ml/min.
Electrospray ionization (ESI) mass spectrometry. ESI-MS and MS/MS analyses of PA-oligosaccharides were done as described in our previous reports, 9, 10, 14) using a Perkin Elmer Sciex API-III triple-quadrupole mass spectrometer with an atmospheric-pressure ionization ion source.
Glycosidase digestions of PA-sugar chains. Digestions with jack bean -mannosidase, diplococcal -Nacetylglucosaminidase, Aspergillus -1,2-mannosidase, apple snail -fucosidase, and apple snail -xylosidase were done using about 1 nmol of PA-sugar chains under the conditions described in our previous reports. 7, 8, 11) The resulting glycosidase digests were analyzed by SF-HPLC using the Asahipak NH2P-50 column (0:46 Â 25 cm). In the case of analysis of the glycosidase digests, PA-sugar chains were eluted by increasing the water content in the water-acetonitrile mixture from 18% to 40% linearly in 30 min at a flow rate of 0.7 ml/min.
Assay of exoglycosidases and endo--N-acetylglucosaminidase activities. Exoglycosidase activities (-mannosidase, -fucosidase, -xylosidase, and -N-acetylglucosaminidase) in crude extracts from normal BY2 cells and salt-adapted BY2 cells were assayed using synthetic substrates (pNP--Man, pNP--Fuc, pNP--Xyl, and pNP--GlcNAc). Normal BY2 cells and saltadapted cells (10 g) were homogenized in 20 ml of 50 mM Tris-HCl buffer, pH 8.5. After centrifugation of the homogenate, the resulting supernatant (20 ml) was applied to a DEAE-cellulose column (2:8 Â 20 cm) equilibrated with the same buffer, and the column was washed with 100 ml of the same buffer. The exoglycosidases and endoglycosidase bound to the ion-exchange column were eluted with the same buffer containing 0.2 M NaCl. The protein amounts from normal BY2 cells and salt-adapted cells were 46.9 mg and 23.4 mg respectively, as determined by measuring the absorbance at 280 nm using BSA as a standard protein.
(i) Exoglycosidase activities. An enzyme solution (50 ml) was mixed with each synthetic substrate (100 ml each of 2 mM pNP--Man, pNP--Fuc, pNP--GlcNAc, and pNP--Xyl) and 0.5 M Na-acetate buffer, pH 4.0 (for -mannosidase, -fucosidase, and -xylosidase) or pH 5.0 (for -GlcNAc-ase). After incubation at 37 C for 4 h, the reaction was stopped by the addition of 1 ml of 1 M Na 2 CO 3 , and the absorbance at 420 nm was measured. One unit of exoglycosidase activities was defined as the amount of enzymes that released 1 mmol of p-nitrophenol per min at 37 C.
(ii) Endo--N-acetylglucosaminidase activity. An enzyme solution (20 ml) was mixed with M6B (120 pmol) and M3FX (74 pmol, as an internal standard) in 0.5 M MES buffer (25 ml), pH 6.0, containing 10 mM EDTA. After incubation at 37 C for 1 h, the reaction was stopped by heating at 100 C for 3 min. After centrifugation, an aliquot (20 ml) of the resulting supernatant was analyzed with a Jasco 880-PU HPLC apparatus with a Jasco Intelligent spectrofluorometer and the Cosmosil 5C18-AR column (0:6 Â 25 cm, Nacalai Tesque). The PA-sugar chains (M6B and PA-GlcNAc) were eluted and separated by increasing the acetonitrile concentration in 0.02% TFA linearly from 0 to 15% for 25 min at a flow rate 1.2 ml/min. One unit of the enzyme was defined as the amount that hydrolyzes 1 nmol of the substrate per min at 37 C.
Results and Discussion
Comparison of the RP-HPLC profiles of PA-sugar chains from glycoproteins from normal BY2 and saltadapted BY2 cells
As shown in Scheme 1, it established that plant complex type structures (GlcNAc2-0Man3Xyl1Fuc1Glc-NAc2; M3FX 41%, GN1M3FX 22%, and GN2M3FX 27%) account for more than 90% of total N-glycans linked to soluble glycoproteins expressed in wild-type BY2 cells. 5) In this study, as a first step, PA-sugar chains prepared from glycoproteins expressed in wild-type BY2 and salt-adapted BY2 cells were preliminarily analyzed by RP-HPLC. The elution profiles of PA-sugar chains from glycopeptides prepared from total glycoproteins in the soluble fraction and the cell-wall fraction are shown in Fig. 1 (I for the soluble fraction, II for the cell-wall fraction). Comparing the elution profiles of PA-sugar chains from wild-type cells and salt-adapted cells (Fig. 1) , new PA-sugar chains (peak e in I-2 and peak j in II-2) were observed at about 47 min on the chromatograms of salt-adapted BY2 cells, and both of them gave a single signal at m=z 1106.0, indicating that the PA-sugar chain is induced during the salt-adaptation of tobacco BY2 cells. It was also observed that the height of a minor peak, eluted at about 41 min, increased in the samples of salt-adapted cells (both of soluble and membrane fractions), but in this study we did not do further structural analysis on these peaks. It has been reported that only small-sized glycans, such as GlcNAc1-4(Fuc1-3)GlcNAc-PA and GlcNAc1-4GlcNAc-PA, are eluted before the elution position of M3FX (peaks-a, -c, -f, and -h), 15) and hence, there is a possibility that the small-sized glycans found in P. pyrifolia S-RNase 16) might have been eluted in the fraction.
Structural analysis of PA-sugar chains expressed in wild-type and salt-adapted BY2 cells (i) PA-Sugar chains from wild-type BY2 cells The PA-sugar chains obtained from glycoproteins in the soluble fraction ( Fig. 1-I-1 ) and the cell-wall fraction ( Fig. 1-II-1 ) of wild-type BY2 cells were analyzed by SF-HPLC. As shown in Fig. 2-I , the elution profiles for peak-a and peak-f were very similar to each other. The elution positions of peak-a-(i) and peak-f-(i) corresponded to that of M3FX on both RP-HPLC and SF-HPLC, and gave a single signal at m=z 1267.0 (½M þ H þ ) by ESI-MS analysis, suggesting that the structure of peak-a-(i) and peak-f-(i) must be M3FX (Fig. 2) .
The elution positions of peak-a-(ii) and peak-f-(ii) corresponded to that of GN2M3FX, and gave a single signal at m=z 848.0 (½M þ 2Na 2þ ) by ESI-MS analysis.
In the case of peak-a, a minor PA-sugar chain was found at the elution position of Man8GlcNAc2-PA, and MS analysis showed a single signal at m=z 900.5 (½M þ 2H 2þ ). This PA-sugar chain was converted to Man5GlcNAc2-PA by -1,2-mannosidase digestion and to Man1GlcNAc2-PA by jack bean -mannosidase, suggesting that this PA-sugar chain had a typical highmannose type structure (data not shown). The deduced structures of peaks-a-(i), -(ii) and peak-f-(i), -(ii) were further confirmed by 2D-sugar chain mapping, ESI-MS analysis and exoglycosidase digestion. The results of ESI-MS analysis and exoglycosidase digestion of peaka-(ii) are shown in Fig. 3 as a typical examples.
The elution positions of peak-b-(i) and peak-g-(i) corresponded to that of GN1M3FX, and gave a single signal at m=z 1470.5 (½M þ H þ ) by ESI-MS analysis, suggesting that the structure of peak-b-(i) and peak-g-(i) must be GN1M3FX. The GN1M3FX structure was found to be a major component in peak-b and peak-g, although the Man7GlcNAc2 structure (peak-b-(ii) and peak-g-(iii)) was observed to be minor components. Peak-b-(ii) and peak-g-(iii), which gave a single peak at m=z 1639.0 (½M þ H þ ) by MS analysis, were converted to Man1GlcNAc2-PA by jack bean -mannosidase, suggesting that this PA-sugar chain has a typical highmannose type structure (Man7GlcNAc2-PA). In peak-g, another minor peak (peak-g-(ii)) was observed at about 39 min, and the elution position corresponded to that of Man6GcNAc2-PA. This PA-sugar chain, which gave single signal at m=z 1476.5 (½M þ H þ ) by MS-analysis, was converted to Man1GlcNAc2-PA by jack beanmannosidase digestion, suggesting that it must have a typical high-mannose type structure (Man6GcNAc2-PA). These structural features of N-glycans expressed in wild-type BY2 cells, the predominant occurrence of complex type structure (M3FX, GN1M3FX, and GN2M3FX), agree basically with that described in our previous report (Scheme 1). 5) In this study, some highmannose type N-glycans (Man8-6GlcNAc2) that were not found in our previous paper 5) were detected, and it appears that these high-mannose type glycans might come from membrane glycoproteins or insoluble glycoproteins that were not analyzed in the previous experiment.
(ii) PA-Sugar chains from salt-adapted BY2 cells The PA-sugar chains obtained from glycoproteins in the soluble fraction ( Fig. 1-I-2 ) and the cell-wall fraction ( Fig. 1-II-2 ) of salt-adapted BY2 cells were analyzed by RP-HPLC. As shown in Fig. 2-II , from peak-c and peak-h, three kinds of plant complex type structure (M3FX for peak-c-(i) and peak-h-(i), GN1M3FX for peak-c-(ii) and peak-h-(ii), and GN2M3FX for peak-c-(iii) and peak-h-(iii)) were detected as for wild-type BY2 cells, although the ratio of the structures was different between peak-c and peak-h.
In peak-d and peak-i, other GN1M3FX structures (peak-d-(i) and peak-i-(i)) were found to be major component. Peak-d-(i) (and peak-i-(i)), which gave a single signal at m=z 1470.5 (½M þ H þ ) on ESI-MS spectra were eluted after peak-c (and peak-h) on RP-HPLC as shown in Fig. 1 , suggesting that the structures of peak-d-(i) (and peak-i-(i)) and peak-c-(ii) (and peak-h-(ii)) were isomeric to each other. Considering the general rule as to the elution position of PA-sugar chains established by Hase et al., 15) peak-d-(i) and peak-i-(i) may have the structure GlcNAc1-2Man1-6(Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)- (ii) (ii) Fig. 2 . SF-HPLC-Profiles of PA-Sugar Chains Obtained in Fig. 1 .
I, SF-HPLC of PA-sugar chains from glycoproteins in wild-type BY2 cells. II, SF-HPLC of PA-sugar chains from glycoproteins in saltadapted BY2 cells. PA-Sugar chains were eluted by increasing the water content in the water-acetonitrile mixture, as described in ''Materials and Methods.'' M3FX, Man3Xyl1Fuc1GlcNAc2-PA, GN1M3FX, GlcNAc1Man3Xyl1Fuc1GlcNAc2-PA; GN2M3FX, GlcNAc2Man3Xyl1Fuc1Glc-NAc2-PA; M7, Man7GlcNAc2-PA; M8, Man8GlcNAc2-PA.
GlcNAc-PA, and peak-c-(ii) and peak-h-(ii) may have the structure Man1-6(GlcNAc1-2Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA.
Comparing peak-g (wild-type cells) and peak-i (saltadapted cells), peak height of peak-i was much higher than that of peak-g ( Fig. 1-II) , indicating that the GN1M3FX structure was significantly expressed in salt-adapted tobacco cells.
The most characteristic peaks for the salt-adapted cells were peak-e and peak-j ( Fig. 1-I-2 and Fig. 1-II-2) , and the elution profiles of these fractions on SF-HPLC were almost the same as those shown in Fig. 2-II . The elution positions of the major PA-sugar chains (peak-e-(i) and peak-j-(i)) corresponded to that of M2FX (Man1-6(Xyl1-2)Man1-4GlcNAc1-4-(Fuc1-3)GlcNAc-PA), and ESI-MS analysis showed a single signal at m=z 1106.0, suggesting that these PA-sugar chains consisted of Hex2deoxyHex1Pen1-HexNAc1HexNAc-PA (Fig. 4-I) . Fragment ions produced from these PA-sugar chains by MS/MS were assigned as fragments ions produced from Man2Xyl1 Fuc1GlcNAc2-PA (M2FX), as shown in Fig. 4 -II. The proposed structure was further confirmed by exoglycosidase digestion. This PA-sugar chain was converted to MFX by jack bean -mannosidase digestion (Fig. 5-2) . The product was converted to Man1-4GlcNAc1-4-(Fuc1-3)GlcNAc-PA (MF) 9) by snail -1,2-xylosidase digestion (Fig. 5-3) , and to Xyl1-2Man1-4Glc-NAc1-4GlcNAc-PA (MX) 9) by snail -1,3-fucosidase digestion (Fig. 5-4) . These results indicate that the Nglycan produced characteristically in salt-adapted tobacco cells was M2FX, suggesting an enhancement of -mannosidase and/or -GlcNAc-ase activities during the salt adaptation of tobacco cells. In peak-j, a minor PA-sugar chain (peak-j-(ii)) was observed at about 40 min, and the elution position corresponded to Man6-GlcNAc2-PA (Fig. 2-II) . This minor PA-sugar chain, which gave a single signal at m=z 1476.0 on the ESI-MS spectrum, was converted to Man1GlcNAc2-PA by jack bean -mannosidase digestion, indicating that it is one of typical high-mannose type structure.
Comparison of exo-and endo-glycosidase activities in normal BY2 cells and salt-adapted BY2 cells
The significant increase in the relative amount of Man2Xyl1Fuc1GlcNAc2 structure in salt-adapted tobacco BY2 cells suggested that an -mannosidase and a -N-acetylglucosaminidase were significantly activated during salt adaptation. Hence, we analyzed the exo-and endo-glycosidase activities expressed in normal BY2 cells and salt-adapted cells. As shown in Fig. 6 , the activities of important glycosidases involved in Nglycan processing and turnover (-mannosidase, -fucosidase, -xylosidase, -N-acetylglucosaminidase, and endo--N-acetylglucosaminidase) in the salt-adapted cells were higher than those in the wild-type BY2 cells, indicating that salt adaptation induced rapid degradation of N-glycans. Especially, the specific activities of -mannosidase and -N-acetylglucosaminidase increased significantly (-mannosidase, from 4.7 mU to 21.0 mU; -N-acetylglucosaminidase, from 26.7 mU to 52.3 mU) as the BY2 cells acquired salt tolerance. This observation appears to indicate that enhancement of -mannosidase and -N-acetylglucosaminidase activities in the salt-adapted cells stimulated degradation of GN2-0Man3Xyl1Fuc1GlcNAc2, resulting in accumulation of the truncated structure (M2FX). In other reports 17, 18) as well as this one, the Man2Xyl1-Fuc1GlcNAc2 structures were identified on other plant glycoproteins, and the structure was almost always Man1-6(Xyl1-2)Man1-4GlcNAc1-4(Fuc-1-3)GlcNAc (M2FX), not Man1-3(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc. This suggests that the Man1-6Man linkage in M3FX is more resistant to plant -mannosidase than the Man1-3Man linkage, indicating that the accessibility of -mannosidase to glycan arms may be different between the Man1-6Man linkage and the Man1-3Man linkage. As shown in Fig. 6 , -fucosidase and -xylosidase activities also increased in the salt-adapted BY2 cells, but no axylosylated or afucosylated N-glycans were found in significant amount. Therefore, it appears that the slight changes in -fucosidase and -xylosidase activities detected in this study using the synthetic substrates (pNP--xyloside and pNP--fucoside) were not involved in N-glycan metabolism.
In addition to enhancement of exoglycosidases activities, the increase in endo--N-acetylglucosamidase activity, which has been postulated to function in the protein quality control system (ERAD system) and to release high-mannose type N-glycans from glycopeptides or unfolded glycoproteins, [19] [20] [21] was also observed in salt-adapted cells (from 0.8 mU to 1.2 mU). This observation suggests that salt adaptation might stimulate the degradation rate of misfolded (glyco)proteins in the ER-associated degradation (ERAD) system to exclude harmful misfolded glycoproteins. Furthermore, the fact that the salt adaptation of plant cells affected Nglycosylation and enhanced the activities of exo-and endo-glycosidases appears to give insight for the development of a new plant breeding technology in high-salt conditions. Gray bars show the glycosidase activities (specific activities) in wild-type cells, and shaded bars show those in salt-adapted cells. Each specific activity was expressed by an average value of triple assay. -GlcNAc-ase, -N-acetylglucosaminidase activity; -Man-ase, -mannosidase activity; -Fuc-ase, -fucosidase activity; -Xyl-ase, -xylosidase activiy; endo--GlcNAc-ase, endo--N-acetylglucosaminidase activity.
